###### Strengths and limitations of this study

-   We will use comprehensive systematic review and meta-analysis methods to summarise the evidence on the efficacy of a respiratory intervention for an increasing health problem in children worldwide: obesity and metabolic syndrome.

-   Methodological experts and paediatric clinical specialists have been consulted to ensure that our search strategy captures all potential metabolic markers that might be impacted by non-invasive ventilation.

-   We will attempt a meta-analysis when there is enough homogeneity among populations and measured outcomes.

-   Limited appraisal of the grey literature will be performed.

Introduction {#s1}
============

Obstructive sleep apnoea (OSA) is common in children with an estimated prevalence of 5.7%.[@R1] OSA contributes to childhood morbidity, including impaired cognition, neurodevelopmental delay, cardiometabolic dysfunction and reduced quality of life.[@R2] The metabolic consequences of OSA are well known among adult populations, with a clearly demonstrated association between OSA and metabolic syndrome, including systemic hypertension, cardiovascular risk, dyslipidaemia, glucose control impairment and systemic inflammation.[@R3] The literature examining the association between metabolic syndrome in children has shown a similar relationship with an emerging body of the literature demonstrating a greater risk of hypertension, dyslipidaemia and glucose control in obese children and youths with OSA.[@R5]

The first line therapy for the treatment of OSA in children is adenotonsillectomy.[@R2] In both obese and non-obese children, surgical intervention can improve cardiorespiratory parameters in sleep studies including Apnoea Hypopnoea Index (AHI) and oxygen saturation values. Surgical management has also been shown to have positive effects on systemic inflammation and dyslipidaemia.[@R10] However, residual symptoms of OSA after adenotonsillectomy have been shown to be present in up to half of children, which is particularly true in children with obesity.[@R13] Given the persistence of OSA after surgery, the metabolic consequences are likely to persist. Non-invasive ventilation (NIV), including continuous positive airway pressure (CPAP) and bi-level positive airway pressure (BPAP), is the recommended therapy for children with OSA who are not surgical candidates, or for children with persistent OSA post-surgery. Initiation of NIV has been shown to have significant effects on nocturnal symptoms of OSA and daytime outcomes such as daytime sleepiness, attention, academic performance and quality of life.[@R16] While previous systematic reviews and meta-analysis have summarised the impact of NIV in metabolic markers in the adult population, including hypertension cardiovascular outcomes, glucose control, lipid profile, systemic inflammation and even mortality,[@R19] similar systematic reviews are not available in paediatric populations. The purpose of this systematic review is to provide a rigorous overview of the evidence describing the effect of NIV use on metabolic markers in children with OSA.

Methods and analysis {#s2}
====================

Study design {#s2-1}
------------

The methodology of this systematic review and meta-analysis follows the recommendations made in the Preferred Reporting Items for Systematic Reviews and Meta-Analysis Protocols 2015 statement.[@R30] Approval from the National Institute for Health Research PROSPERO registry is pending.

Search strategy {#s2-2}
---------------

An information specialist, systematic review methodologist, and clinical experts in paediatric respiratory medicine, pediatric sleep medicine, and paediatric metabolic syndrome have established a collaborative team to develop a comprehensive search strategy and determined the appropriate information sources. The search strategy includes terms for NIV used in a previously published scoping review,[@R31] a published filter for paediatric populations[@R31] and addresses the following key concepts: effects on oxidative stress and markers of systemic inflammation, cardiovascular outcomes, changes in weight/body mass index, lipid profile, liver enzymes, glucose control and markers of insulin resistance, renal function and other metabolic markers (see [online supplementary appendix A](#SP1){ref-type="supplementary-material"}).[@R31] Information sources will include Ovid Medline, Ovid Embase, CINAHL via EbscoHOST, Wiley Cochrane Library (including the Cochrane Database of Systematic Reviews, the Cochrane Central Register of Controlled Trials, the Database of Abstracts of Reviews of Effects, the Health Technology Assessment Database and the NHS Economic Evaluation Database) and PROQUEST Theses and Dissertations. No language restrictions will be applied to the search strategy. Letters, editorials, commentaries and non-intervention studies will be excluded. Reference lists of all studies included in this systematic review will be scanned to identify further relevant studies not detected by the search strategy. Published abstracts from 2018 to 2019 from the following conferences will be screened: American Thoracic Society Conference, Canadian Thoracic Society Conference, CHEST Congress, European Respiratory Society, Sleep Meeting (see [online supplementary appendix B](#SP1){ref-type="supplementary-material"}). The search of the above information sources is planned to occur on 30 April 2020.
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Eligibility criteria {#s2-3}
--------------------

### Types of participants/population {#s2-3-1}

Studies including children (newborn to age 18 years) will be included. Studies across ages with disaggregated paediatric data will also be included. Eligible studies must pertain to children with OSA or other sleep-related breathing disorders as defined in the International Classification of Sleep Disorders, including obstructive sleep apnoea and sleep-related hypoventilation.

### Types of interventions {#s2-3-2}

Included studies must contain information on NIV (CPAP or BPAP) use. We will include studies irrespective of the length of NIV usage.

### Type of outcomes {#s2-3-3}

Eligible studies must include data related to metabolic markers, with no outcome restrictions. This includes but is not limited to: effects on oxidative stress and markers of systemic inflammation, cardiovascular outcomes, changes in weight/body mass index, lipid profile, liver enzymes, glucose control and markers of insulin resistance, renal function and other metabolic markers. Inflammatory markers, cardiovascular outcomes and other outcomes of metabolic syndrome are described in [online supplementary appendix A](#SP1){ref-type="supplementary-material"}.

### Types of studies {#s2-3-4}

Interventional studies will be considered for inclusion including randomised and non-randomised clinical trials (RCTs and non-RCTs), controlled before-after studies. No other study designs will be considered for inclusion.

### Exclusion {#s2-3-5}

Qualitative and mixed methods research will be excluded, as will case series, case reports and non-specified grey literature.

Study records {#s2-4}
-------------

### Data management {#s2-4-1}

Records from searches will be imported into an EndNote library (EndNote V.X9, Clarivate Analytics) and duplicates will be removed. The library will be duplicated for independent screening.

### Selection process {#s2-4-2}

Two independent reviewers (MCC, CAG) will screen titles and abstracts of retrieved articles for eligibility based on the inclusion criteria. Full text will be retrieved for all potentially relevant articles, which will be reviewed independently by the two reviewers, and studies that meet the eligibility criteria will be included in the review. Discrepancies between the reviewers will be resolved through discussion. Reasons for exclusion will be recorded at the full-text review level.

### Data collection process {#s2-4-3}

Data extraction will be completed by one reviewer using a pre-designed standardised form and entered into RedCap Database.[@R33] Data extraction will be veriﬁed by a second reviewer for a sample of 20% of the studies with acceptance if agreement in at least 80% of the data. Duplicate data from the same data set published in different manuscripts will be removed. Data extraction is expected to be complete by 1 October 2020.

### Data synthesis {#s2-4-4}

Once the information has been extracted, we will present ﬁndings including the numerical analysis of the number, publication type, publication year and country of publication of the studies included in the review. We will also present a narrative description of the study design, participant characteristics, sample size, NIV type, control group description, outcomes measures and follow-up duration. We will use this information to establish subcategories of studies which may include groupings based on age (ie, infants, children and adolescents), intervention type (ie, CPAP, bi-level) and outcomes (eg, oxidative stress, obesity, dyslipidaemia, liver disease, glucose intolerance, cardiovascular, renal and other metabolic diseases).

### Quality assessment and risk of bias {#s2-4-5}

Risk of bias will be assessed by two independent reviewers (MCC, CAG) specific to the study methodology. Tools will include the Quality Assessment Tool[@R35] and Cochrane risk of bias tool.[@R36] Discrepancies in decisions will be resolved through discussion.

The reviewers will also use the Grading of Recommendations, Assessment, Development and Evaluations to assess the evidence at the outcome level.[@R37] This will include assessing for risk of bias, imprecision, inconsistency, indirectness and publication bias.

Meta-analysis {#s2-5}
-------------

Meta-analysis will be attempted for outcomes with enough homogeneity among the study populations. Homogeneity criteria will include an AHI \<5 events/hour to define mild obstructive sleep apnoea, 5--10 events/hour for moderate and \>10 for severe sleep disorder breathing as per the American Academy of Sleep Medicine.[@R38] In addition, nocturnal hypoxemia will be defined by sleep time with oxygen saturations below 90% over 5% and nocturnal hypoventilation by over 25% sleep time carbon dioxide levels above 50 mm Hg.[@R40] The information will be subcategorised to include grouping based on outcome (changes in the same metabolic marker). For non-randomised studies, we will combine effect estimates from studies adjusted by confounding rather than raw data if available. RCTs will be analysed separately if available. Risk of bias will be considered and explanations for heterogeneity will be pursued including publication bias. Graphics of pooled data (ie, forest plots) will be provided. Most outcome data are expected to be continuous. Heterogeneity in the pooled data will be minimised, by pooling data based on outcome, as well as the indication for NIV. In the event that pooled data remain heterogeneous within these pooled groups, a narrative description will be included. If the data allow, we will analyse the data with respect to NIV adherence and the length of time wearing NIV.

Patient and public involvement {#s2-6}
------------------------------

Patients and public were not involved in the design of this study. Dissemination of the information may include targeting patients and their care providers, as the results of the study may inform us of the effect of NIV on metabolic outcomes in children with sleep-related breathing disorders.

Ethics and dissemination {#s2-7}
------------------------

There are no ethical concerns with this systematic review, as data have previously been published. This review will inform clinicians taking care of children with OSA and obesity/metabolic syndrome about the potential effects of NIV therapies on metabolic markers and help plan for necessary assessment of this group of children in the clinical practice. This information has the potential to change the approach to childhood OSA and obesity and therefore impact future clinical guidelines at national and international level. Results of this systematic review will be submitted for dissemination in abstract and manuscript form at multiple levels to target general paediatricians and paediatric specialists involved in the care of these patients including paediatric respiratory and sleep specialists, endocrinologists, cardiologists and nephrologists. The results of this systematic review will be of interest for general audience, which can be reached through infographics, videos and TED talks to be distributed through social media.
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